Recebido em 6/8/08; aceito em 19/1/09; publicado na web em 3/7/09 This paper reports an analytical method for the determination of ambroxol in micellar medium by spot test-diffuse reflectance spectroscopy. The reflectance measurements were performed analyzing the colored compound (λ= 520 nm) produced from the reaction between ambroxol and p-dimethylaminocinnamaldehyde on the surface filter paper. The linear range was from 1.21 × 10 −3 to 9.65 × 10 −3 mol L -1 (500 -4000 µg mL -1
INTRODUCTION
Ambroxol, trans-4-(2-amino-3,5-dibromobenzylamino) cyclohexanol hydrochloride (Figure 1 ), is a compound with potent mucolytic activity that is used as an expectorant and bronchosecretolytic in therapeutics. [1] [2] [3] Ambroxol stimulates the transportation of viscous secretion in the respiratory organs and reduces secretion stagnation. It is administered as hydrochloride in daily doses of 30-120 mg and is available commercially as syrups, granules, tablets, or in solutions, utilized in the injectable form or for inhalation. 4, 5 Several different methods have been used for the determination of ambroxol hydrochloride in pharmaceutical preparations including LC-MS, 6 spectrophotometry, 7 HPLC, [8] [9] [10] flow injection analysis, 11, 12 capillary electrophoresis and isotachophoresis. 13, 14 However, as far we know, there is no any reflectometric method for the determination of ambroxol related in the literature. Recently were reported reflectometric methods for the determination of acetylsalicylic acid 15 and furosemide 16 in pharmaceutical preparations. Despite the fact that analytical reflectometric methods in the visible region of the spectrum are not very common, some have been recently published. [17] [18] [19] [20] [21] [22] [23] [24] The diffuse reflectance methods present some advantages, such as simplicity and extremely low consumption of reagents. Moreover, the reflectance measurements can be performed in locus using a very simple homemade reflectometer or a portable diffuse reflectance spectrophotometer, which are small, lightweight, inexpensive and battery operated, characteristics highly attractive to facilitate analysis at the location of the system under investigation. Thus, the development of a more rapid, portable and simple method with low consumption of reagents/solvents, such as the diffuse reflectance spectroscopy using spot test, is an attractive alternative for detection of ambroxol in pharmaceuticals.
The present paper reports a rapid and accurate reflectometric method for the determination of ambroxol hydrochloride in the syrups formulations. The performance of the developed method was validated in terms of selectivity, linearity, precision and accuracy.
EXPERIMENTAL

Apparatus
The reflectance measurements were collected using a hand-held integrating sphere (ISP-REF, Ocean Optics, Dunedin, USA) connected to a fiber optic spectrometer miniature (USB4000, Ocean Optics) with a CCD array detector. Software SpectraSuite (Ocean Optics) was used for acquisition and storage of spectra. Eppendorf (10 to 100 µL) and Brand (100 to 1000 µL) micropipettes were used to measure smaller volumes in the experiment.
Materials, chemicals and solutions
Whatman 41 filter paper was used as solid support. The excipients used in the interference study were of pharmaceutical grade. A solvent used was methanol (analytical reagent grade) from Mallinckrodt, Xalostoc, Mexico. p-Dimethylaminocinnamaldehyde (p-DAC) (Riedel-de haën, Germany) was used to prepare a 0.70% m/v in methanol. 
Optimization of variables
The variables were optimized by full-factorial design and response surface methodology. 25 A full-factorial design 2 3 was carried out to distinguish the significant parameters. The result of this design was used to plan a subsequent design having a central composite to obtain the response surface. All statistical calculations were performed using Statistic 6.0 software. 
Samples preparation
Five commercial samples of pharmaceutical formulations (syrups) containing 30 mg/5 mL or 15 mg/5 mL of ambroxol hydrochloride from different batches and different brands were purchased in local drugstores in Araraquara city, (Brazil) and analysed by the proposed method.
An aliquot of this solutions equivalent to approximately 6.0 mg of drug was transferred to a 5.0 mL volumetric flask. In the sequence, 1.5 mL of SDS (1.0 x 10 -1 mol L -1 ) was added and the volume completed with methanol.
Procedure of spot test reaction
The solutions were spotted onto the filter paper (Whatman 41) of the 2.25 cm 2 using a micropipette fixed in a holder according to procedure described by Tubino et al.. 26 To carry out measurements, first 30 µL of the HCl solution was spotted followed by addition of 20 µL of the samples solution and 30 µL of the reagent solution. In the sequence, the reflectance measurements of the purple color product were carried out at 520 nm at room temperature. Blank with 30 µL of HCl solution, 20 µL SDS solutions (3.0 x 10 -2 mol L -1
) in methanol and 30 µL of reagent solution was used as reference.
In order to evaluate the optical stability of the product of spot test reaction between ambroxol and p-DAC on filter paper, a kinetic monitoring of the A R values at 520 nm was carried out. The obtained results demonstrated that the product is stable for at least 50 min, at room temperature (25 ºC).
RESULTS AND DISCUSSION
Ambroxol (Scheme 1) is an aromatic primary amine, which can react with p-DAC in acid medium. The reaction between aromatic amines and p-DAC is assumed to take place via the condensation of the protonated primary amino group with the carbonyl group of the reagent to produce an imminium salt. 16, 27, 28 The probable mechanism for this reaction is shown in Scheme 1, which is based on reactions suggested in the literature. 16, 27, 28 It is known that micellar media formed by surface-active substances are capable of essentially changing the equilibrium, kinetic and spectral properties of reactions in which they are involved, and this has been used to improve the characteristics of analytical procedures. 29 The effect of surfactant micelles in the condensation of aldehydes, such as p-DAC, with amines has been subject of a number of publications. [30] [31] [32] Preliminary experiments revealed a significant enhancement of magnitude in the sensitivity of the reaction in the presence of SDS and no shift in the absorption maximum takes place. In the sequence, was evaluated the stability of colored product and observed that the reflectance measurement remained stable at least 24 h at room temperature (25 ºC).
Optimization of variables
The optimization was developed by experimental design, including two kinds of designs: the factorial design to evaluate which of the variables were significant factors and the central composite design, to obtain the response surface from which the optimal factors that give a maximum response can be deduced.
According to Wendlant and Hecht 33 the color of the spot test should be uniform over the entire surface in order to ensure reproducible reflectance measurements. Presuming the spot test reaction can be affected by multiple factors, the most favorable conditions for the reaction were investigated, including the addition order of reagents.
Previous assays performed in our laboratory showed that on the filter paper surface better spots were obtained under the following addition order: HCl solution followed by addition of the samples solution and reagent solution.
In the sequence, a 2 3 full-factorial design was carried out, which allowed simultaneously studying three variables that could have an important effect on the reflectance signal. In this design, the variables were studied at two levels: low (-1) and high (+1). The variables of interest were SDS, HCl and p-DAC concentrations.
For this design, 8 experiments were necessary, which were realized in triplicate and randomized to eliminate any environmental variation. The variables and their levels are summarized in Table 1 . The highest and lowest values of each variable were defined based on preliminary experiments. The concentration of ambroxol was kept constant at 2.41 x 10 -3 mol L -1 .
As result of the full factorial design, Pareto chart was drawn (Figure 2 ) in order to visualize the estimated effects of the main variables and their interactions. Pareto chart gives a graphical presentation for these effects and it allows looking at both the magnitude and the importance of an effect. In this Pareto chart, the bars (variables) that graphically overpass the significance line exert a statistically significant influence on the result. So, it can be seen in Figure 2 , that SDS and p-DAC concentrations were the most significant factors, with a positive impact, indicating that the best results can be obtained when these factors are adjusted to a high level (+1). The individual effect of the HCl concentration was not significant with a negative sign. Thus, the HCl concentration was set at 0.50 mol L -1 (the lowest concentration level studied). In addition, Pareto chart shows that the interactions effects was take account to ensure that all the combinations of factors levels were explored in the full factorial design. On the other hand, if each factor were only studied individually (univariated analysis), important effects might go undetected.
Scheme 1. Proposed mechanism of the reaction between ambroxol and p-DAC in medium acid
In the sequence, the best concentrations of p-DAC and SDS for the maximum reflectance signal were obtained using a central composite design. The Figure 3 represents the three-dimensional graph obtained from experimental data and fitted to the response surface.
The two factors were studied in five levels including four central points for statistical validity within the range -1.41 to +1.41, which corresponds to the p-DAC with a concentration range of 0.40 to 1.00 % m/v and SDS with a concentration range of 2.0 x 10 -2 to 4.0 x10 -2 mol L -1 .
Analyzing the fitted surface, it is possible to identify that the points referring to the best conditions for the maximum reflectance signal were SDS 3.0 x 10 -2 mol L -1 and p-DAC 0.70% (w/v), which showed the higher absorbance values.
The quadratic regression model is given by Equation 1: Z = -0.27368 + 0.43294x − 0.326081x 2 + 27.69875y − 464.59130y 2 + 1.09332xy (1) where Z is the response factor corresponding to the A R value. The factors x and y are the p-DAC and SDS concentrations, respectively. A statistically significant quadratic model, the R 2 value, was greater than 0.89 implying that the data fitted the model well in relation to the reflectance response at a 95% confidence level. In the Table 2 , are illustrated the values optimums of all the variables
Analytical data
The developed analytical method was validated by evaluating the linear dynamic range, limit of detection (LOD), limit of quantification (LOQ), precision and accuracy as well as by applying the standard addition technique.
Under the optimized experimental conditions, the linear calibration curve was constructed from 1.21 × 10 −3 to 9.65 × 10 −3 mol L -1 (equivalent to 500-4000 µg mL The limit of detection (LOD) and the limit of quantification (LOQ) were calculated according to Skoog et.al. 34 using the following expressions: LOD = 3σ/b and LOQ = 10σ/b, where σ is the standard deviation of twenty measurements of the blank, and b is the slope of the analytical curves. The limit of detection and the limit of quantification were 3.50 x 10 -4 mol L -1 and 1.16 x 10 -3 mol L -1 (145 and 481 µg mL -1 ), respectively. The precision and accuracy were evaluated by comparing the results obtained from the analysis of pharmaceutical formulations by the proposed method with those obtained using a HPLC, described in the literature. 7 The susceptibility of the developed analytical method to changes was tested to evaluate the ruggedness of the method. For this purpose the experimental designs were employed where the variables were tested.
The matrix interference can introduce systematic errors in analytical determinations. In order to investigate the presence of matrix effects in the proposed method, a recovery study was carried out. In this study, 1.20 x10 -3 , 2.40 x 10 -3 , 3.60x 10 -3 and 4.80 x 10 -3 mol L −1 of ambroxol reference solutions were added to three selected pre-analyzed pharmaceuticals (samples A, C, E). The recoveries obtained by the standard-addition method ranged from 97.2 to 102.4%, indicating the absence of any significant matrix effects on the proposed method.
The effects of the common excipients present in commercial pharmaceutical formulations, such as benzoic acid, sorbitol, citric acid, hydroxyethylcellulose, sodium citrate, sucrose, propylene glycol, tartaric acid, glycerol, methylparaben and propylparaben were carefully evaluated. The effects were considered to be interference when the signal showed an error of more than 3% in determination of the drug.
Analytical applications
The applicability of the proposed method for the determination of ambroxol in pharmaceutical preparations (syrups) was examined by analyzing marketed products. The results were statistically 35 compared with those obtained by the comparative HPLC method 7 and are summarized in Table 3 . In all cases, the calculated t and F values are less than the theoretical ones at 95% confidence level, indicating there is no significant difference between either method regarding to precision and the accuracy in the determination of ambroxol in pharmaceutical formulations (syrups).
CONCLUSION
The results presented provide evidence that the method based on the reflectometric technique can be an advantageous alternative for determination of ambroxol hydrochloride in syrups. The method is fast, inexpensive and has been applied with satisfactory precision and accuracy to the determination of ambroxol hydrochloride in pharmaceutical expectorant preparations. 
